Shear connectors are designed in steel-concrete composite construction to transmit the longitudinal shear, to prevent separation of steel and concrete slabs, and also to increase the structural efficiency of the whole system. In this study, the 
INTRODUCTION
In general, the building construction via conventional method is carried out by composite elements which are comprised of two components: concrete slabs and steel beams. These two components act separately under the influence of loads since no shear transfer takes place between them. Hence, shear connectors are provided to create a bond between the beam &the slab helping resist both tensile and shear forces. Several research projects have been carried out to evaluate the performance of various shear connectors in composite structures. Ali reviewed the performances of various types of shear connectors and they also discussed the advantages and disadvantages of headed studs, load capacity, bearing stress, ductility, ultimate strength, and fatigue strength of connectors used in composite structures.
Push-out experiments using headed shear studs in group arrangements were carried out by Milan Spremic et al. (2013) . The strength of the concrete influences the stiffness and deformation of the connectors. A group of headed studs with reduced distance may be used instead of one large- resistance of channel shear connectors in plain, reinforced, and lightweight concrete under monotonic loading and found that an increase in the length of the channel leads to increased cracking of the concrete on the sides of the slab and also increases the ductility of the system. The performance of shear connectors in steel concrete composite slabs was studied experimentally by Swaminathan et al. (2016) . It was found that headed stud connectors performed better than bolted shear connectors in terms of ultimate load-carrying capacity. Based on the above review, a parametric study was carried out on different types of shear connectors (Stud connector, Channel connector, I-connector, Sconnector and Z-connector) in this paper by conducting push-out tests on steel concrete composite specimens. The performance of the various connectors is studied via the load-slip relationships and failure mechanisms. 
MATERIAL PROPERTIES
Tensile tests were conducted on several specimens (I-section) prepared from (ISMB200).
Material properties such as yield stress, ultimate strength, % elongation in length, and Young's modulus obtained from the coupon test for ISMB200 are given in Table 1 . The value of yield stress, ultimate stress and % increase in length of 8 mm diameter steel rod was found by conducting tensile test. The values are given in Table 1 .
A tensile test was conducted on a 16 mm diameter mild steel rod and the values of yield stress, ultimate stress, and % increase in length are given in Table 1 .A different grade of steel was used for the shear connector. The grade of connectors is mentioned in Table 2 . Ordinary grade 53 Portland cement was used. The physical properties of the cement were found by a conducting laboratory test
and the values are given in Table 3 . by conducting tests in a laboratory environment. The values are given in Table 3 .
All the concreting work was carried out in a laboratory according to IS10262:2009, the Indian Standard Concrete Mix Proportioning -Guidelines (First Revision). The concrete mix was designed for the M20 grade and the procedure for casting of the cubes and cylinders was done using Indian
Standards. The mix proportions with the water-to-cement ratio obtained for the M20 grade of concrete are given in Table 4 . A standard cylinder 150 mm in diameter and 300 mm in height and a cube 150 mm x 150 mm x 150 mm in size were simultaneously cast with the push-out specimens in order to determine the compressive strength of the concrete after a curing period of 28 days. In total, 15 cubes and 15 cylindrical specimens (3 specimens per connector) were cast and tested after a curing period of 28 days. The compressive strengths of the concrete for the different specimens is given in Table 5 . 
FABRICATION OF SPECIMENS
The steel concrete composite push-out specimens were comprised of a steel section along with shear connectors and a reinforced cement concrete slab. The reinforced cement concrete slabs were connected to the steel beams by means of shear connectors welded to both flanges of the steel beam.
The welding was strong enough to prevent failure of welding before the connector while loading.
Shear connectors of similar weight (0.9 kg) were used in this investigation. The different types of shear connectors welded to the Universal steel I-beams are shown in Fig. 2 .
The mix design of the concrete was carried out per IS 10262-2009 for the M20 grade of concrete using locally available materials. The reinforcement was placed in the specially fabricated concrete casting mould as shown in Fig.3 and then the freshly mixed cement concrete was placed and compacted well and left for hardening for a day. The mould was then removed and the specimen was allowed to cure for 28 days. The curing of the concrete slab on either side was done by using jute bags and after the curing period, the push out specimen looked as it is shown in Fig. 4 . Two specimens were cast for each type of shear connector. After curing for 28 days, the specimens were made ready for the push-out test. 
PUSH-OUT SET UP AND TEST
Push-out testing of steel concrete composite specimens was carried out to understand the behaviors of the different types of shear connectors under monotonic loading. The typical experimental setup for push-out testing is shown in Fig 5. The specimen was kept on a bearing support. Soft wooden boards were placed between the concrete slab and the base of the test frame in order to eliminate the undesirable bearing stress concentration. The model was symmetrical, with the load being carried out in the axis of symmetry, and it was assumed that the shear load per connector was equal to the total load applied divided by the number of connectors; in plotting the results, the mean value of the slips was used. A monotonic load was applied using a hydraulic actuator attached to the loading frame. The loading on the steel I-section creates heavy shearing and makes it shear off or slip from the concrete slab. The specimens were loaded till severe cracking of concrete slabs or a fracture of the shear connectors occurred. To measure the vertical slip of the I-section from the concrete slabs, two displacement transducers were instrumented on either side of the I-section. The load applied was measured using a load cell and the displacements were recorded for each increment of the loading. Push-out testing of a typical steel concrete composite specimen is shown in Fig 6 . 
OBSERVATIONS AND RESULTS
Push-out tests were conducted on 15 steel concrete composite specimens comprised of different types of shear connectors, with 3 specimens for each type of connector. The specimens were loaded until failure occurred and a slip was recorded for every increment of the load. The value of the applied load and each measured slip is given in Table 6 . After testing of the push-out specimen with stud connectors, it is observed that the diagonal cracking of the concrete slab took place slowly and both studs failed by fracture at the stem near the fillet of the weld on one side of the beam, and another two studs remained attached to the other side of the beam with a slight deformation. The stud connectors failed by fracture at a load of 354.86 kN with a slip of 7.581 mm. In the case of the push-out specimen with channel connectors, it is clear that the failure of the channel at the web portion took place near the fillet of the weld on one side of the ISMB200, and no distinct bending/yielding on the other side attached to the steel beam. The maximum slip was observed as 12.94 mm at a load of 373.80 kN. The ultimate load-carrying capacity of the channel connector was found to be 5.3% more than that of the stud connector of the same weight.
In the I-, S-, and Z-connectors the separation of the concrete slab on one side took place due to the failure of connectors at the web portion near the fillet of the weld, and the maximum slips were recorded as 13.159 mm, 10.789 mm, and 6.541 mm at loads of 282.77 kN, 272.17 kN, and 282.77 kN, respectively, and the other side of the slab remained attached to the steel beam with no distinct bending. In all of the shear connectors, the failure mechanism was observed as a fracture of the shear connector at the web near the fillet of the weld, causing the separation of the concrete slab from the steel beam on one side, while the other side of the slab remained welded to the beam by means of a connector(with cracks). Horizontal and diagonal cracking was found in all of the shear connectors during loading, and more cracks were present in the Z-connector. Distinct bending was also observed.
The typical failure of the push-out specimens is shown in Fig 7 . During the experiment, the performance of the Z-connector and the S-connector was found to be the same. Table 7 . Table 7 . Grade and normalized value of connectors
It can be seen that the channel shear connector shows the highest normalized value, followed by the I-connector and the Z-connector. The S-connector is withstanding the lowest applied force.
Even though the headed studs withstand the highest applied force, they show a smaller normalized value due to the higher grade of steel used. The I-, S-, Z-and channel connectors are all made of the same grade of steel; out of all 4, the channel connector with stands a maximum force of 373 kN, followed by the I-and Z-connectors which both withstand 75 %, and the S-connector which withstands 73 % of the ultimate load of the channel connector.
In this study, the weight and height of the connectors were kept as constant (0.9 kg and 100 mm, respectively) and the bearing area of the connector with the universal steel beam was also kept close to constant. In the case of the Z-connector, the width and height of the specimen were increased by 40 % and 20 %, respectively (70 mm width and 120mm height), due to fabrication difficulty. This practice led to the advantage of minimizing the vertical slip. Despite the I-and Z-connectors' ability to withstand the same ultimate force of 283 kN, with almost the same bearing area and normalized value, the maximum slip of the I-connector is 2 times higher than that of the Z-connector while failing.
This shows that the vertical slip of the Z-connector is reduced by 50 % due to the increase in the width and height of the connector.
Four studs of 16 mm shank diameter were used in this investigation. The stud connectors withstand 95 % of the ultimate load of the channel connector with a vertical slip of 7.581 mm, meaning the vertical slip is 41.25 % less than the channel connector's, despite the lower normalized value.
CONCLUSIONS
1. All the specimens under investigation failed by shear only and there was no pull-off of shear connectors, ensuring good composite action of the shear connector. 
STRESZCZENIE:
Element konstrukcyjny złoĪony z dwóch lub wiĊkszej iloĞci róĪnych rodzajów materiałów połączonych ze sobą, aby zachowywaü siĊ strukturalnie jako jedna jednostka, nosi nazwĊ elementu złoĪonego. W złoĪonych elementach stalowo-betonowych, wzdłuĪna siła Ğcinająca jest przenoszona na powierzchniĊ przylegania pomiĊdzy stalowym 
III)
Awaria łącznika I i łącznika Z wystąpiła przy koĔcowym obciąĪeniu łącznika kanałowego na poziomie 75%, a awaria łącznika S nastąpiła przy koĔcowym obciąĪeniu łącznika kanałowego na poziomie 73%.
IV)
Przekrój kanału okazał siĊ byü najbardziej skuteczny pod wzglĊdem noĞnoĞci, a element I i element Z okazały siĊ mniej skuteczne w porównaniu z przekrojem kanału, lecz osiągnĊły lepsze wyniki niĪ łącznik S i sworznie Ğcinające.
